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Abstract: In this study, we performed a diagnostic and evolutive analysis of the bioclimatology of the
Canary Islands, an Atlantic archipelago where the climate itself is a main feature promoting tourism.
Among all the tourist-climate indices described in the literature, we evaluated the most widely used,
which is the Tourism Climate Index (TCI) proposed by Mieczkowski (1985). Monthly mean TCI
time series were calculated using meteorological data from the Spanish State Meteorological Agency
database and the European Climate Assessment and Dataset. Our results show TCI values greater
than 50 during almost every month in the period 1950–2018, with mean values over the entire time
series between 70 and 80. According to the TCI classification scheme, these values correspond to a
very good thermal comfort along all of the period. Our results also point to spring as the season with
the best TCI, with maximum values around 80 for this index in April—excellent according to the
TCI classification. However, we did not find a correlation between inbound arrivals and the TCI
index, which might point to a lack of information available to tourists. This opens an opportunity for
policymakers and tour operators to better publicize the best seasons for holidays in the islands.
Keywords: tourism; climate; tourism climate index; air quality; weather
1. Introduction
Weather and climate are key factors to select a touristic destination, to the point
that many tourists base their choices (destination and date) entirely by climatic consid-
erations [1]. Tourism operations themselves are also affected by climate and weather, as
they impact on the costs of heating and cooling, water provision, and tourist facilities’
maintenance. Moreover, the impact of climate change in a tourist destination may impact
the temporal and spatial pattern of tourism demand. Hence, climate and weather can affect
the tourism business model. Because of these aforementioned reasons, understanding
both local climate conditions through the year and their trends is thus of great importance,
not only for developing strategies for the mitigation of climate change impact but also for
tourism development [2–4].
Many efforts have been made to quantitatively characterize the climatic well-being of
tourists from a biometeorological point of view—that is, considering weather parameters
and an estimation of the outdoor thermal comfort. One of the first and most widely
used indices to characterize the thermal comfort of tourists, the Tourist Climate Index
(TCI), was developed by Mieczkowki [1]. This index is representative of light outdoor
touristic activities. Different modifications of the TCI arose in the literature, not only to
improve the knowledge of its limitations ([5–7] and references therein) but also to study the
thermal comfort of tourists for more specific types of tourism, such as beach tourism [8,9],
outdoor activities on urban destinations [10], or interior tourism [11]. Still, the TCI has
been widely used to study the impact of climate on tourism in different geographical
areas, such as Europe [12], the Mediterranean [13], Iran [14–17], the United States and
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Canada [5], Spain [18], the Caribbean [3], the Republic of Moldova [4], Montenegro [19],
Georgia [20,21], China [22], and Indonesia [23].
In this study, for the first time in the literature to our knowledge, we performed a
diagnostic and evolutive analysis of the bioclimatology of the Canary Islands, an Atlantic
archipelago where the climate itself is a main feature promoting tourism. Among all
the tourist-climate indices described in the literature, we evaluated the most widely used,
which is the aforementioned TCI. We chose the TCI because of the characteristics of touristic
activities in the Canary Islands, which have evolved from the sun and beach model of the
1960s to offer a more extended range of experiences, such as sports, wellness, and rural
tourism [24,25].
Climate on the Canary Islands has been studied by many authors [26,27] and refer-
ences therein [28,29]. There are also many in-depth studies on one of the most characteristic
features affecting the climate of the islands, namely, African dust intrusions [30–34]. In
the winter, African dust intrusions are more intense and frequent at lower altitudes, i.e.,
where most tourists are located, while in the summer, these mineral dust intrusions affect
medium and high altitudes. It is worth noting that many studies point that the exposure
to mineral dust can lead to health problems, increasing morbidity and mortality [35–38].
Regarding climate change, the impact of global warming in temperature trends [39–43],
adaptation strategies [44], and its economic impact on tourism [45] has also been studied
for this archipelago. However, to our knowledge, this is the first time a climate comfort
index for tourism has been studied in the Canary Islands. Besides the purely scientific
interest of this novel study, we also believe this research might help policymakers and tour
operators to make decisions, which are especially important to the islands in view of the
importance of tourism to their economy.
2. Data and Methods
2.1. The Study Area
The Canary Islands are a Spanish archipelago located near the northern coast of Africa
in the North Atlantic subtropical area. The shortest distance to Morocco is 95 km. The
climate of this archipelago is characterized by its great stability through the year. Despite
its latitude, monthly mean temperatures range from 18 ◦C to 24 ◦C [46], while maximum
monthly precipitation ranges from 30 mm (eastern islands) to 100 mm (western islands) and
take place from autumn to winter [47]. This mild climate is driven by the influence of the
Azores high, with establishes cool humid trade winds through the year, only interrupted
for short periods by African dust outbreaks [31].
Climate difference between islands is, in principle, not affected by their geographical
position. However, it is well known (see for example [29]) that the Canary Islands present
a variety of microclimates mainly caused by their differences in orography. In particular,
orography plays a crucial role in the exposure to the easterly trade winds, which are one of
the key factors affecting precipitation. Overall, the eastern islands (Lanzarote, Fuerteven-
tura, and Gran Canaria) present higher temperature ranges and lower precipitations than
the western ones (La Palma, El Hierro, La Gomera, and Tenerife).
For this study, we selected five sites on the basis of climatic data availability that are
representative of the eastern, central, and western islands. These measurement stations
are part of the National Spanish Meteorological Agency (AEMET) network. The latitude
coverage of these sites ranges from the southernmost to the northernmost island (Figure 1).
The sites are located at low altitudes (Table 1), being representative of the most important
tourist destinations on beaches and island capitals.
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Figure 1. Location of the study area and measurement stations (in red). 
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La Palma Airport +28°37′59″ −17°45′18″ 33 1985–2018 
Santa Cruz de Tenerife +28°27′47″ −16°15′19″ 35 1950–2018 
Fuerteventura Airport +28°26′40″ −13°51′47″ 25 1976–2018 
Lanzarote Airport +28°57′06″ −13°36′01″ 14 1972–2018 
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were used to obtain the subindices, as proposed by Mieczkowski [1], with 0 as an ex-
tremely unfavorable value and 5 as the best possible value. Although many authors have 
modified the original TCI by using daily data to have a better time resolution, we calcu-
lated monthly TCI because of data availability (see Section 2.3). Nonetheless, as we used 
the 1985–2018 monthly TCI time series, we believe a 33-year climatic scale is enough to 
characterize the variation of TCI values. 
The CID and CIA subindices use the same temperature and relative humidity da-
tasets as input. From these datasets, and following [1], we calculated the maximum daily 
temperature and the minimum daily relative humidity to determine de CID subindex. On 
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idely used and it is representative of light physical outdoor activities and recreation
such as sightseeing, shopping, and other non-specific touristic activities. The common
touristic activities in the Canary Islands and the evolution of its tourism model [24,25]
make this index a good choice. TCI is calculated as the combination of seven monthly
climate variables (maximum and minimum daily air temperature, minimum daily relative
humidity, mean daily relative humidity, amount of precipitation, daily insolation, and
mean wind speed). These parameters are combined into five subindices (Equation (1)) to
calculate the TCI value:
TCI = 2·[4·CID + CIA + 2·R + 2·S + ] ( )
where CID is the so-called “daytime comfort index”, CIA is the “daily comfort index”, R is
based on amount precipitation in m of rain, S is based on the daily solar insolation in
hours, and is based on ind speed in /s. rating sche e, ith scores fro 0 to 5,
ere used to obtain the subindices, as proposed by Mieczkowski [1], with 0 as an extremely
unfavorable value and 5 as the best possible value. Although many authors have modified
the original TCI by using daily data to have a better time resolution, we calculated monthly
TCI because of data availability (see Section 2.3). Nonetheless, as we us d the 1985–2018
monthly TCI ti e series, we believ a 33-y ar climatic scal is enough to characterize the
vari tion of TCI lues.
I and CIA subindices use the same t mperature and relative humidity atasets
as input. From these datasets, and following [1], we calculated th maxi um daily tem-
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perature and the minimum daily relative humidity to determine de CID subindex. On the
other hand, the CIA subindex is calculated from the mean daily temperature and mean
daily relative humidity. Regarding the functional form of the CID and CIA, since both are
thermal comfort indices and thermal comfort is a complex psychological parameter, we
need to use a psychometric chart in order to rate their values. We used the thermal comfort
rating system proposed by Mieczkowski [1], which is based on the effective temperature
chart of the American Society of Heating and Air-Conditioning Engineers [48]. To facilitate
the calculation of these subindices, we digitized the mentioned thermal comfort rating
system presented in Mieczkowski’s original paper [1]. In this way, we obtained 321 data
points, which were chosen for temperatures ranging from 15 to 41 ◦C and relative humidity
ranging from 20 to 100%, since temperatures outside that range and relative humidity
below 20% are not common in the area of study [26–29] (see supplementary material).
We then performed a multidimensional smoothing spline fit to the 321 digitized points
using a linear radial basis function based on the Euclidean distance. The digitized points
and the multidimensional spline fit are shown in Figure 2. It is worth stressing that the
functional form is the same for the calculation of both the CIA and CID indices, and that
the final output value of each particular index only depends on which input temperature
and relative humidity data are used.
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Figure 2. Multidimensional spline fit (blue) to the 321 points (red) of the thermal comfort rating chart proposed by
Mieczkowski [1].
Once the scores of the different subindices were calculated, we were finally able to
determine the TCI. This index takes values from 0 to 100, which can be converted to
descriptive categories using the classification scale shown in Table 2.
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Table 2. Classification scale of TCI values.












For each month, we calculated minimum relative humidity using daily averages from
the European Climate Assessment and Dataset [49]. The other monthly climatic param-
eters used in the calculation of the TCI were monthly data retrieved from the National
Spanish Meteorological Agency open database, available online: https://opendata.aemet.
es/centrodedescargas/inicio, accessed on 12 June 2021 [50]. Data availability is different
from one site to other (see the last column in Table 1), and therefore we calculated TCI in-
terannual monthly means over common years, which corresponds to the period 1985–2018.
Note that data from this open database is only available as monthly means, and therefore
this was the reason to calculate monthly values of TCI. Although some recent studies have
used daily data, it is worth noting that the original TCI calculation of Mieczkowski [1] used
monthly data. Both databases have passed quality control and homogeneity checks using
procedures explained in their websites, although we additionally performed a search for
possible outliers, finding no large periods with suspecting data.
2.4. Tourism Statistics
We used tourism statistics to compare against our TCI results. We retrieved monthly
data of tourist visitation to the Canary Islands from the Canary Islands Institute of Statistics’
open database, available online: http://www.gobiernodecanarias.org/istac, accessed on
12 June 2021 [51]. In particular, we used monthly means of number of inbound tourists
from foreign countries. Data availability limited our study to the period 2009–2018.
3. Results and Discussion
In the 1985–2018 period, monthly mean TCI values in all the sites studied across
the Canary Islands scored between 58 and 84, and therefore the climate comfort can be
categorized ranging from acceptable to excellent through all the year (Figure 3a). During
months of maximum TCI across the Canary Islands, the climate can be categorized as
“excellent” for tourism.
Maximum TCI scores for both Lanzarote and Fuerteventura occur during winter,
while in Tenerife, La Palma, and El Hierro, they occur in spring. The variation in maximum
TCI scores, which ranges between 82 (Lanzarote, Fuerteventura and El Hierro) and 85
(Tenerife), is lower than the variation in minimum TCI scores, ranging from 58 (Lanzarote)
to 72 (El Hierro).
For Lanzarote and Fuerteventura (the easternmost islands), and also for Tenerife, the
minimum TCI scores occur in summer, when maximum average temperatures (Figure 3c)
and minimum rainfall (Figure 3b) occur. El Hierro and La Palma (the westernmost islands)
show the lowest TCI scores in autumn and winter, coinciding with the highest rainfall
(Figure 3b) and lowest temperatures (Figure 3c) for these islands. The lowest TCI score in
the archipelago was found during August in Lanzarote, although the value is still in the
“acceptable” climate comfort category.
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The lower TCI scores in the central and eastern islands during the summer corre-
sponded to minimum values of the CID index (Figure 2), which in turn are caused by
quite high maximum temperatures that range from 33 ◦C up to 34.5 ◦C (Figure 4a). In
contrast, maximum temperatures at El Hierro and La Palma were found to be below 30 ◦C
throughout the year, which translates into a better TCI, especially during the summer.
However, it should be stressed that maximum temperature alone does not explain the
TCI values. For example, other factors contributing to the better summer TCI score for El
Hierro and La Palma are the higher minimum relative humidity and lower daily average
temperature (Figure 3c) for these two islands compared to the rest of the archipelago. In
Fuerteventura, and especially in Lanzarote, the low W subindices scores, related to the high
wind speeds during summer, also contribute to these minimum TCI values (Figure 4b).
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Figure 4. (a) Annual distribution of maximum temperatures (which is related to the CID index, see Figure 2) and
(b) W subindex scores in the period 1985–2018 at Santa Cruz de Tenerife (blue), El Hierro Airport (yellow), La Palma Airport
(green), Lanzarote Airport (red), and Fuerteventura Airport (purple).
All the above shows that the TCI has a reasonable dependency on the weather variables
it takes into consideration, and therefore it can be expected to be a representative index
for the well-being of tourists. We can now assess whether the annual variability in climate
comfort is being determinant of monthly tourism demand in the Canary Islands. For this,
we analyzed the possible relation between the annual variability of the TCI index and the
number of inbound tourists. It is expected that if climate comfort is determinant, the annual
distribution of TCI scores will follow the distribution of tourism demand indicators such
as the number of tourists, accommodation costs, overnight stays, or tourism turnover [5,6].
In Figure 5, we show the annual distribution of TCI scores and the number of inbound
tourists for three of the study sites: La Palma, as representative of the western islands;
Tenerife, as representative of central islands; and Lanzarote, as representative of the eastern
islands. In all three cases, we found no correlation between the distributions. Looking
at these plots, it seems that inbound tourists in the Canary Islands do not take into con-
sideration weather conditions when planning their holidays in this archipelago. This is
expected because the TCI scores are in most cases over 70, which corresponds to very good
or excellent climate categories. Still, it is worth noting that the months with the higher TCI
values (TCI > 80) in some cases are also those with the lowest number of tourists (see in
particular the month of April for La Palma (Figure 5a) and Tenerife (Figure 5b)). Note that
there is not even a delay between both curves. A delay like that would imply that tourists
first check the weather conditions and then make the reservations, but this does not seem
to be the case. This could represent an opportunity for policymakers and tourist operators
for marketing campaigns (backed by scientific data) focused in attracting visitors during
Sustainability 2021, 13, 7042 8 of 12
those months with lower number of tourists but very good and even excellent climate
comfort for touristic activities.
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It should also be noted that the previous analysis does not take into account the restric-
tions to travel imposed by work or school periods, which likely play a large role on holiday
reservations. It would be interesting to study the relation between the TCI and the number
of tourists, with the latter disaggregated by age groups, as tourists already in retirement
will not have these kinds of restrictions to travel throughout the year. Unfortunately, data
disaggregated by age groups are not available at this time.
Finally, in Figure 6, we show the TCI monthly data for all the available years for the
islands of Tenerife and Lanzarote. Higher variability was found in the case of Lanzarote.
This was likely related to the contribution of the higher temperature range in this island, as
mentioned above. By contrast, TCI data showed less spread and slightly higher values for
the island of Tenerife. In both cases, the TCI values were found to be very stable over time,
with no indication of the values becoming worse with time. This indicates that, according
to the TCI, climate change does not have a noticeable effect on the tourism. However, note
that this is only a very preliminary analysis that does not contemplate seasonality effects.
Furthermore, model simulations should be used to predict the future climate of the islands
and perform TCI projections.
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4. Conclusions
Our results show a change related to geographical longitude in the month correspond-
ing to both minimum and maximum TCI scores. Minimum TCI scores for the central
and eastern islands occur in summer, while they occur in autumn in the western islands.
Maximum TCI scores in the eastern islands occur in winter, while in the central and western
islands, they occur in spring. Among the sites examined in this study, we found that Santa
Cruz de Tenerife is the station with better TCI throughout the year, with 7 months classified
as excellent climate for tourism (from December to June), and the rest of the year classified
as very good. Tenerife is also the island with the largest number of inbound tourists from
foreign countries among the five islands studied. However, although the more stable and
favorable TCI scores of Tenerife may play a key role in the difference between the number
of foreign visitors to the island compared with the rest of the archipelago, other factors
such as the number of hotel beds, tourist infrastructure, and tourist attractions have to
be taken into account. In any case, we found a variation of 77,000 inbound tourists from
foreign countries when we compared the maximum and minimum number of tourists in
Tenerife. Climate tourist comfort may be a good reason to support efforts to increase the
number of foreign tourists, particularly from April to June, when TCI is very near or over
80. These efforts should take into account factors such as the tourists’ age, which might
impose travel restrictions on some dates due to work or school obligations.
We found that the TCI assess the importance of climate as a main attribute of the
Canary Islands as a tourist destination for sightseeing and other light outdoor activities
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thorough the year. However, climate comfort in the archipelago can be affected by a
meteorological situation not considered in any tourism climate index: the presence of
high concentrations of mineral particulate matter due to African dust outbreaks. As
already mentioned, African dust episodes are one the most characteristic features affecting
the climate of the Canary Islands. Frequent and intense African dust episodes affecting
low altitudes, where most tourist stay, occur from December to March, with maximum
contribution to the total suspended particulate concentrations in February [31]. It can be
expected that the high particulate matter concentrations to have an effect on the health
and therefore the comfort of tourists. The number of inbound arrivals seems to indicate
that information on the occurrence and effects of African dust episodes is not taken into
consideration by tourists. Due to the possible effect on tourists’ health, an effort to make
this information widespread should be made by tourist operators and policymakers.
The weather variables considered in the TCI do not seem to take into full account the
importance of these African dust episodes, with little variation between the February and
April scores, as shown in Figure 3. We believe that the TCI expression could be improved
including a specific index that takes into account the effect of particulate matter pollution
in the comfort of tourists. This would require running pools among tourists and correlating
their answers with extensive particular matter concentration data. It should be noted that
this effort could be useful to improve the TCI formula, not only for the Canary Islands, but
also places with high particulate matter concentrations due to anthropogenic causes, e.g.,
pollution caused by vehicles or factories operating close to touristic areas. We are working
in a research project founded by Universidad Europea de Canarias to evaluate the use
of low-cost particulate matter sensors to develop a high spatial resolution network. This
network could complement the existing data provided by local environmental authorities.
In the framework of this project, we aim to propose an improvement to the TCI formula to
include the effect of particulate matter pollution in the comfort of tourists.
The results of this work could help policymakers and tour operators to better publicize
the best seasons for holidays in the islands, as TCI is a valuable index for understanding
how tourism demand evolves over time in a specific region [52].
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